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Description

BACKGROUND OF THE INVENTION

1. Field of Invention

[0001] The present disclosure relates in general to a
system for use in monitoring conditions in a wellbore.
More specifically, the present disclosure relates to a
system having a spectrometer that analyzes reflections
from an oscillating Fiber Bragg Grating.

2. Description of Prior Art

[0002] Spectrometers are used to measure various
physical properties of sample substances, as well as
their chemical composition. Spectrometers also are used
for measuring physical conditions of a space ora sample,
such as temperature, strain, pressure, inclination, and
acceleration. An optical spectrum analyzer is one type of
spectrometer, and which measures optical power as a
function of wavelength. Optical spectrum analyzers typi-
cally disperse light through a prism or diffraction grating,
and employ photosensitive sensors in a path of the dis-
persed light that detect the light. The photosensitive
sensors are usually an array of charge coupled diodes
or photodiodes, and which convert the detected light into
electrical current.

[0003] A Fiber Bragg Grating is one type of diffraction
grating used to disperse light to the photosensitive sen-
sors. A Fiber Bragg Grating is a fiber optic member with a
central core that has been modified so that its refractive
index s altered at discrete distances to define the grating.
[0004] Typically the alterations follow a periodic pattern
that repeats at a designated distance, so that light is
reflected at each change of refraction. Generally, the
periodic pattern, whichis usually referred to as the grating
period, is formed to reflect light of a particular wavelength.
Most of the light reflected is at a wavelength that is about
twice that of the grating period. Thus the wavelength at
which most of the light is reflected in the Fiber Bragg
Grating is usually identified as the Bragg wavelength.
Light at wavelengths outside of the Bragg wavelength
passes through the Fiber Bragg Grating and is not re-
flected. Currently known light sensors for use with optical
spectrometers are susceptible to damage when exposed
to high temperatures, thereby limiting application of op-
tical spectrometers.

[0005] US 2007/110367 A1 discloses an optical wave-
guide device for monitoring a characteristics of light, e.g.
a wavelength. The device incorporates a waveguide,
such as an optical fiber, with an embedded tilted Bragg
grating operating in a regime of wavelength detuning.
The grating is designed to disperse light azimuthally in
two or more different directions about the fiber axis, said
directions changing with wavelength. A photodetector
array is provided for detecting the azimuthal distribution
of light. A processor coupled to the photodetector array

10

15

20

25

30

35

40

45

50

55

determines wavelength information from the detected
azimuthal distribution of the out-coupled light.

[0006] US 5675674 A discloses a fiber optic modula-
tion and demodulation system, and more particularly a
telemetry system for relaying signals from sensors in
remote, harsh environments. Light is modulated using
one or more optical reflective grating and piezoelectric
crystal combinations, and demodulated using an inter-
ferometer system. The one or more modulators are dri-
ven by the responses of one or more sensors thereby
modulating one or more carrier wavelengths of a carrier
light source. The modulated light signal is transmitted
from the sensor or sensors, over an optical fiber, to an
interferometer which is used to demodulate the reflected
signals and thereby determine the responses of one or
more Sensors.

SUMMARY OF THE INVENTION

[0007] The presentinvention is definedin claims 1 and
8.

[0008] According to an aspect, there is provided an
optical spectrometer as claimed in claim 1. The scanning
assembly includes an electrically responsive member
that when energized experiences a change in size,
wherein the electrically responsive member is coupled
with the transmission medium and, so that when the
electrically responsive member is energized the trans-
mission medium and the grating undergo a change in
length that changes a direction of a path of the stray light
that is directed from the transmission medium. Option-
ally, the electrically responsive member has an amount of
piezoelectric material. Optionally, the scanning assembly
comprises atranslation system that laterally reciprocates
the sensor along a path that is intersected by the stray
light. Optionally, the scanning assembly comprises a
reflective surface that reciprocatingly tilts over a range
and is strategically located so that stray light contacting
the reflective surface is reflected to the sensor. In one
example, the electromagnetic energy is reflected from a
sample and wherein a bandwidth of the electromagnetic
energy is representative of a chemical composition of the
sample. Embodiments exist wherein the electromagnetic
energy has light having a discrete bandwidth. Optionally,
the grating is a first grating, and wherein the electromag-
netic energy is reflected from a second grating that is
disposed within a space, and wherein a bandwidth of the
electromagnetic energy is representative of a tempera-
ture within the space. Optionally, the sensor and source
of electromagnetic energy are disposed in a wellbore.
Embodiments exist where the sensor is a single sensor,
or two or more photo sensitive elements, such as a
photodiode, that are in close proximity to act as a single
Sensor.

[0009] An optical spectrometer is disclosed herein
which includes a brazed optical grating in communication
with electromagnetic energy that is within a bandwidth
that is representative of information about a sensed
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subject, the electromagnetic energy refracted from the
brazed optical grating in an azimuthal direction from the
brazed optical grating, and which defines stray light. This
example also includes an optical sensor for receiving the
stray lightand converting the stray lightinto electricity and
a scanning system for aligning the stray light with the
optical sensor.

[0010] According to an aspect, there is provided a
method of spectroscopy as claimed in claim 8. In one
embodiment, a spectrum of the electromagnetic energy
contains compositional information about a sample. Op-
tionally, a spectrum of the electromagnetic energy con-
tains information about a temperature of a space.
[0011] Inanexample, a voltage of the electricity corre-
lates to a temperature of a space sensed with the elec-
tromagnetic energy. In one embodiment, the step of
aligning includes reciprocating the optical sensor along
a path that is oblique with a transmission medium that
carries the electromagnetic energy, and substantially
orthogonal with a path of the stray light. Optionally, the
step of aligning involves tilting a reflective surface in a
path of the stray light so that the stray light is scanned
across the optical sensor. Optionally, the optical sensor
and a source of the electromagnetic energy are disposed
in a wellbore. Embodiments exist where the optical sen-
sor is a single optical sensor, or two or more photo
sensitive elements, such as a photodiode, that when
combined act as a single optical sensor.

BRIEF DESCRIPTION OF DRAWINGS

[0012] Some ofthe features and benefits of the present
invention having been stated, others will become appar-
ent as the description proceeds when taken in conjunc-
tion with the accompanying drawings, in which:

Figure 1is a side partial sectional view of a downhole
tool in a wellbore and which includes an example of
an optical spectrometer.

Figure 2 is a schematic example of an optical spec-
trometer for use with the downhole tool of Figure 1.

Figure 3 is a schematic example of an embodiment of
a temperature sensor for use with the optical spec-
trometer of Figure 2.

Figure 4 is a schematic example of an alternate
embodiment of a portion of the optical spectrometer
of Figure 2.

Figure 5 is a schematic example of an alternate
embodiment of the optical spectrometer of Figure 2.

[0013] While the invention will be described in connec-
tion with the preferred embodiments, it will be understood
that it is notintended to limit the invention to that embodi-
ment.
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DETAILED DESCRIPTION OF INVENTION

[0014] The method and system of the present disclo-
sure will now be described more fully hereinafter with
reference to the accompanying drawings in which embo-
diments are shown. The method and system of the pre-
sent disclosure may be in many different forms and
should not be construed as limited to the illustrated
embodiments set forth herein; rather, these embodi-
ments are provided so that this disclosure will be thor-
ough and complete, and will fully convey its scope to
those skilled in the art. Like numbers refer to like ele-
ments throughout. In an embodiment, usage of the term
"about" includes +/- 5% of the cited magnitude. In an
embodiment, usage of the term "substantially" includes
+/- 5% of the cited magnitude.

[0015] In the drawings and specification, there have
been disclosed illustrative embodiments and, although
specific terms are employed, they are used in a generic
and descriptive sense only and not for the purpose of
limitation.

[0016] Figure 1 shows in a side partial sectional view
an example of a downhole tool 10 which includes an
elongated housing 12 having a substantially curved outer
circumference. The tool 10 is coaxially disposed within a
string of tubing 14 and which is set in a wellbore 16 that
intersects a subterranean formation 18. Wellbore 16 is
lined with casing 20, and which circumscribes tubing 14.
Other embodiments exist where tool 10 is disposed with-
in an open hole wellbore that is not lined with casing, or a
wellbore without tubing. Within housing is a downhole
analyzer 22, which as as will be described in more detail
below, is useful for analyzing conditions and properties
downhole. For example, sensor 22 is useful for obtaining
temperatures within wellbore 12, and in other embodi-
ments analyzes the chemical compounds or constituents
of solids or fluids sampled within wellbore 16. Tool 10 is
suspended in the wellbore 16 on a conveyance means
24, which provides a means for deploying tool 10 in
wellbore 16, and also provides a medium for data and
control signals between surface and tool 10. Examples of
the conveyance means 24. include wireline, slick line,
cable, coiled tubing, and any other currently known or
later developed means for deploying and controlling tools
downhole. In an alternative example, tool 10 is included
as part of a logging/measuring while drilling operation.
Capping the wellbore 16 is a wellhead assembly 26 which
provides pressure control and selective ingress to well-
bore 16. An optional cablehead connector 28 is shown
mounted on an upper end of housing 12, and provides a
connection point for conveyance means 24 to tool 10. An
optional controller 30 is schematically illustrated on sur-
face and outside of the wellbore 16, and which includes a
memory and communications means for controlling an-
d/or communicating with tool 10 and via communication
means 32. Example of communication means 32 include
hardwire, fiber optics, and wireless signals.

[0017] An example of a spectrometer 34 is schemati-
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cally illustrated in a side partial sectional view in Figure 2.
Example applications for spectrometer 34 include esti-
mating temperature(s) in the wellbore 16 (Figure 1),
identifying substances downhole, and identifying chemi-
cal compositions of substances downhole. In an embodi-
ment, the substances are collected by tool 10 while in the
wellbore 16, and the analysis with the spectrometer 34 is
conducted while the tool 10 remains in the wellbore 16.
Included with this embodiment of this spectrometer 34 is
a transmission medium 36 shown having an end in
communication with a sampling apparatus 38. In one
example, transmission medium 36 includes a fiber optic
core 40 which is a substantially transparent member and
provides a medium for the transmission of electromag-
netic energy, such as light. Electromagnetic energy is
transmitted from sampling apparatus 38 to spectrometer
34 via transmission medium 36. Electromagnetic energy
is received within sampling apparatus 38 and then direc-
ted into a space or onto a substance. When interrogating
the space or substance, one or more properties of the
electromagnetic energy are altered to define conditioned
electromagnetic energy EMc. In the example of Figure 2,
the conditioned electromagnetic energy EMc is a signal
of light having a bandwidth Agg, the maximum intensity
Iyax of the signal occurs at a wavelength within band-
width Agg. Analyzing the conditioned electromagnetic
energy EMc, such as with the spectrometer 34, yields
information about the space (i.e. a temperature in the
space) or sampled substance. Information about the
sampled substance include identification of the sub-
stance itself, as well as identification of constituents with-
in the substance.

[0018] A cladding 42 circumscribes core 40 and pro-
vides protection as well as a surface from which the
electromagnetic energy internally reflects as it is being
transmitted along the transmission medium 36. In the
example of Figure 2, included within core 40 is a Fiber
Bragg Grating 44. In this example, the Fiber Bragg Grat-
ing 44 is brazed or tilted, and formed from a number of
gratings 45 that represent a change in an index of refrac-
tion within the core 40. Spaced obliquely from the Fiber
Bragg Grating 44 is a receiver 46 and which includes a
sensor 47 on a side facing the Fiber Bragg Grating 44. In
one non-limiting example, the receiver 46 is a photodiode
whichreceives electromagnetic energy in the form of light
and converts the light into electricity, and sensor 47
represents the semi-conductor material within photo-
diode where the conversion occurs. Receiver 46 is
coupled to and in communication with another transmis-
sion medium 48. An outlet 49 is mounted on an end of
receiver 46 opposite from sensor 47, and which provides
connection between receiver and transmission medium
48. An end of transmission medium 48 distal from recei-
ver 46 connects to an analyzer 50 and which contains
hardware and software for analyzing signals from recei-
ver 46 transmitted through transmission medium 48.
[0019] Still referring to the example of Figure 2, trans-
mission medium 36 mounts to and is supported on a
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support member 52 which is shown having a pair of
spaced-apart frame elements 54, 56. Frame elements
54, 56 contact portions of transmission medium 36 on
opposing sides of Fiber Bragg Grating 44. Spanning
between the frame elements 54, 56 is a piezoelectric
member 58 which when energized experiences achange
in length. Piezoelectric member 58 is selectively ener-
gized by a power source 60 is shown having leads 62, 64
connected thereto and where ends of leads 62, 64 distal
from power source 60 are in electrical contact with the
piezoelectric member 58. Attachment points 66, 68 are
illustrated where the transmission medium 36 is sup-
ported on the frame elements 54, 56 and which attach
the transmission medium 36 to the frame elements 54, 56
at these locations. The tilted or brazed gratings 45 of
Fiber Bragg Grating 44 introduce a refractive change into
the transmission medium 36 that diffract electromagnetic
energy within a particular bandwidth, and azimuthally
from the transmission medium 36. In one example and
for the purposes of discussion herein, the phrase "azi-
muthally from the transmission medium 36" means that
the diffracted light is directed along one or more optical
paths having differing projections onto a plane oriented
normal to an axis of grating 45. In the example of Figure 2,
the conditioned electromagnetic magnetic energy EMc
diffracted by Fiber Bragg Grating 44 is stray light 70,
which diffracts from the Fiber Bragg Grating 44 at an
angle 0 that is oblique to core 40, and where angle 6 is
dependent on a wavelength of the conditioned electro-
magnetic magnetic energy EMc. Path P illustrates an
example route of stray light 70 leaving Fiber Bragg Grat-
ing 44.

[0020] As shown by double-headed arrow Arg (which
runs substantially parallel with transmission medium 36)
by energizing piezoelectric member 58 with electricity
from power source 60 via leads 62, 64, piezoelectric
member 58 is elongated. Elongating piezoelectric mem-
ber 58 urges frame elements 54, 56 away from one
another. As the transmission medium 36 is attached to
frame elements 54, 56 at attachment points 66, 68,
moving the frame elements 54, 56 further away from
one another stretches a portion of transmission medium
36 between attachment points 66, 68 and produces an
internal strain within this portion of transmission medium
36. Straining transmission medium 36 as shown conse-
quently applies a corresponding strain to Fiber Bragg
Grating 44 thereby altering a path of the light 70 that is
refracted from the gratings within the Fiber Bragg Grating
44. As shown, applying the strain to the transmission
medium 36 and Fiber Bragg Grating 44, the stray light 70
refracted from the Fiber Bragg Grating 44 is selectively
directed along a series of different paths P,_4, which are
illustrated as being oriented at oblique angles 0,_4 from
core 40. Directing the stray light 70 along the different
paths P,_, scansthe stray light 70 along an arcuate length
Agc to ensure the receiver 46 is illuminated with an
amount of stray light 70 so that a signal or series of
signals are generated by sensor 47, and directed into



7 EP 3 755 979 B1 8

transmission medium 48 for analysis by analyzer 50. The
scanning technique described herein is employed to
align the receiver 46 with the stray light 70 so that the
amount of stray light 70 illuminating the sensor 67 is
sufficient to extract information from the conditioned
electromagnetic energy Ey - received from sampling
apparatus 38.

[0021] Further in the example of Figure 2, the combi-
nation of the piezoelectric member 58, power source 60,
leads 62, 64, and frame elements 54, 56 define an ex-
ample of a scanning assembly 71. As noted above, an
advantage of the scanning assembly 71 is that the re-
ceiver 46 with its sensor 47 is irradiated with a sufficient
amount of stray light 70 so that meaningful analysis
results are obtained. Employing the example scanning
assembly 71 provides a significant advantage over the
currently known use of arrays of sensing devices, which
are not capable of operating in high temperature situa-
tions, such as those often experienced within a wellbore.
In an embodiment, high temperature situations are those
where temperature is at least about 250° F for a period of
time exceeding 1 hour. Another advantage of the method
and system described herein is that the stray light 70 is
directed to a precise location so that embodiments exist
where the receiver 46 is a single receiver and/or the
sensor 47 is a single sensor. Further alternatives exist
where receiver 46 or sensor 47 include two or more
receivers 46 or sensors 47 disposed proximate one an-
other and that act as a single receiver 46 or sensor 47.
[0022] Figure 3is a schematic example of one embodi-
ment of a sampling apparatus 38A and shown having a
source 72A of electromagnetic energy. In an example,
source 72A generates light, and is optionally a super-
luminescent light emitting diode. An example of a trans-
mission medium 74A is depicted having an end coupled
to source 72A, which transmits electromagnetic energy
generated by source 72A to a splitter 76A. On an end of
splitter 76A distal from transmission medium 74A, a pair
of additional transmission mediums 78A, 80A are shown
extending from splitter 76A on an end opposite from
transmission medium 74A. An end of transmission med-
ium 78A distal from splitter 76A projects into a space 82A
where temperature is being sensed with the sampling
apparatus 38A. In an example, space 82A is within well-
bore 16 (Figure 1), and which alternatively is within or
outside of tool 10. A diffraction grating 84A is formed
within the transmission medium 78A and in a portion
within space 82A, where in one embodiment diffraction
grating 84A is a Fiber Bragg Grating. Gratings 85A in the
transmission medium 78A define changes in the refrac-
tive index of the transmission medium 78A.

[0023] In a non-limiting example of operation of the
sampling apparatus 38A, electromagnetic energy from
source 72A travels to diffraction grating 84A via transmis-
sion mediums 74A, 78A and splitter 76A. In the illustrated
example, gratings 85A have a grating period, so that
electromagnetic energy from source 72A having a de-
signated wavelength, or range of wavelengths, is re-

10

15

20

25

30

35

40

45

50

55

flected from diffraction grating 84A back towards splitter
76A. The portion of electromagnetic energy in transmis-
sion medium 78A that is outside of the designated wa-
velength or range of wavelengths is transmitted past
diffraction grating 84A. Moreover, the wavelength or
range of wavelengths reflected by diffraction grating
84A is dependent on the temperature in the space
82A. In this example, the electromagnetic energy re-
flected from diffraction grating 84A, and thus reflected
from gratings 85A, is that within bandwidth Agg. The
reflected electromagnetic energy is directed back
through transmission 78A, into splitter 76A and exits into
transmission medium 36A, where it is then guided to the
spectrometer 34A.

[0024] Further in the example of Figure 3, a particular
voltage is applied to the piezoelectric material 58 (Figure
2), which in turn strains the Fiber Bragg Grating 44 a
designated amount, so that the stray light 70 exiting the
transmission medium 36 is directed along a designated
path. Forthe purposes of discussion herein, a designated
path ofthe stray light 70 (such as one of paths P,_4), isone
that irradiates receiver 46 with stray light 70, and with
sufficient illumination, so that receiver 46 generates elec-
trical signals that yield an estimate of temperature in
space 82A when analyzed with analyzer 50. As indicated
above, the angle at which the electromagnetic energy
reflects from the Fiber Bragg Grating 44 depends at least
in part on the wavelength of the stray light 70. Also,
because the wavelength of the stray light 70 is the same
as the electromagnetic energy that reflects from the
diffraction grating 84A, changes in temperature of the
space 82A (Figure 3) alter the wavelength of electro-
magnetic energy directed to Fiber Bragg Grating 44 via
transmission medium 36. Changes in temperature in the
space 82A therefore necessarily alter the angle from
which the stray light 70 exits the Fiber Bragg Grating
44. Thus, by observing the voltage being applied to the
piezoelectric material 58 when the stray light 70 is re-
flected along a one of the paths P,_, that sufficiently
illuminate receiver 46 to obtain meaningful results, the
voltage can be correlated to the temperature within the
space 82A. This correlation can be done theoretically or
empirically.

[0025] Anotherexample of ascanningassembly 71Bis
represented in schematic form in Figure 4. Here, stray
light 70B refracted from Fiber Bragg Grating 44B is
shown projecting along a pair of non-parallel paths
P1g, Pog, and where both paths P,g, P, are redirected
so that stray light 70B traveling along either of paths P,
P,g illuminate receiver 46B. Construction of the Fiber
Bragg Grating 44B dictates the direction of the path of the
stray light 70B refracted from Fiber Bragg Grating 44B,
and is based on the wavelength of the electromagnetic
energy in the transmission medium 36B. A pivoting re-
flector 86B is shown strategically located and sized to
accommodate for the range in angles over which stray
light 70B leaves the Fiber Bragg Grating 44B. The re-
flector 86B in set the potential pathways of stray light 70B,
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and includes a reflective surface 88B facing in the direc-
tion of the Fiber Bragg Grating 44B. A rotation means (not
shown) pivots reflector 86B about an axis that is trans-
verse to the paths Pz, P,g so that the stray light 70B
reflected from reflective surface 88B is scanned across
receiver 46B along an arcuate range Agxc¢ so that a
sufficient amount the stray light 70B irradiates receiver
46B to obtain wavelength and intensity information about
the stray light 70B. In the example of Figure 4, the relative
locations of the Fiber Bragg Grating 44B and receiver
46B remain substantially constant, and characteristics of
the Fiber Bragg Grating 44B remain substantially con-
stant as well.

[0026] Shown in schematic form in Figure 5 is another
example of a spectrometer 34C and having a scanning
assembly 71C so that a receiver 46C is illuminated with a
sufficient amount of stray light 70B being refracted from
Fiber Bragg Grating 44C so thatintensity and wavelength
information about the stray light 70B is obtained from an
output of the receiver 46C. Here, the electromagnetic
energy within transmission medium 36C is provided from
a sampling apparatus 38C and transmitted within core
40C. On contacting the gratings 45C within Fiber Bragg
Grating 44C, the light 70C is refracted on a number of
different paths P, _4¢, depending on a wave length of the
electromagnetic energy being refracted from gratings
45C. In an embodiment, the scanning assembly 71C
translates the receiver 46C laterally and along a path
illustrated by arrow At which is generally orthogonal to
the paths P, _4¢. Inan example, scanning assembly 71C
moves receiver 46C reciprocatingly towards and away
from paths P;c 4, and on lateral sides of each of the
paths P4c_4c. Inthe illustrated embodiment, the receiver
46C mounts to an example of a translation system 90C
thatreciprocates the receiver 46C in the motion as shown
and described above. Included with translation system
90C is a base 92C on which a reciprocating harness 94C
is mounted. The receiver 46C couples to the harness
94C, so that receiver 46C moves with movement of the
harness 94C, and thereby provides a scanning function
so that the receiver 46C is illuminated with a sufficient
amount of stray light 70C to obtain information about the
electromagnetic energy being received from sampling
apparatus 38C.

[0027] The present invention described herein, there-
fore, is well adapted to carry out the objects and attain the
ends and advantages mentioned, as well as others in-
herent therein. While a presently preferred embodiment
of the invention has been given for purposes of disclo-
sure, numerous changes exist in the details of proce-
dures for accomplishing the desired results. For exam-
ple, the device can be permanently or temporarily dis-
posed downhole. In other embodiments, the device and
method disclosed herein is used to measure one or more
of acceleration, magnetic field, inclination, velocity, dis-
placement, force or other physical or chemical proper-
ties. In the example of measuring acceleration, a proof
mass (m)is used to convert acceleration (a) into force (F):
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F=(m)(a); where the force is measured by the strain
reacting on Fiber Bragg Grating. In an example of mea-
suring inclination, a proof mass (m) is used to convert
gravity (g) into force (F): F=(m)(g), in one example the
force reacting on six optical fibers is measured by three or
six Fiber Bragg Gratings to deduce the gravity direction,
which indicates inclination. In an alternative, magnetic
field is measured by observing a strain in a magnetos-
trictive material resulting from an applied magnetic field,
which is transferred to an optical fiber and measured by a
Fiber Bragg Grating. Displacement, in one example, is
measured by transferred a displacement to strain in an
optical fiber and measured by a Fiber Bragg Grating. In
an example of measuring force, the force is transferred to
strain in an optical fiber and measured by a Fiber Bragg
Grating.

Claims
1. An optical spectrometer (34) comprising:

a transmission medium (36) having an end in
communication with a source (38) of electro-
magnetic energy;

a grating (44) formed in the transmission med-
ium (36) strategically formed so that electromag-
netic energy from the source (38) transmitted
through the transmission medium (36) is direc-
ted at angles away from the transmission med-
ium (36) along the grating (44) to define stray
light (70);

an optical receiver (46) having:

a sensor (47) that is responsive to being
contacted by the stray light (70) from the
grating (44), and

an outlet (49) in communication with an
analyzer (50) and from which an electrical
signal is transmitted that is generated by the
stray light (70) from the grating (44) contact-
ing the sensor (47); and

a scanning assembly (71) that selectively alters
one of, a path of the stray light (70) from the
grating (44), or a position of the optical receiver
(46), so that when the stray light (70) is directed
from the transmission medium (36), the sensor
(47) is positioned in a path of the stray light (70)
and exposed to atleast a portion of the stray light
(70);

wherein the scanning assembly (71) comprises
an electrically responsive member that when
energized experiences a change in size, where-
in the electrically responsive member is coupled
with the transmission medium (36), so thatwhen
the electrically responsive member is energized
the transmission medium (36) and the grating
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(44) undergo a change in length that changes a
direction of a path of the stray light (70) that is
directed from the transmission medium (36).

The optical spectrometer (34) of Claim 1, wherein the
electrically responsive member comprises an
amount of piezoelectric material.

The optical spectrometer (34) of Claim 1, wherein the
scanning assembly (71) comprises a translation
system that laterally reciprocates the sensor (47)
along a path that is intersected by the stray light (70).

The optical spectrometer (34) of Claim 1, wherein the
scanning assembly (71) comprises a reflective sur-
face that reciprocatingly tilts over a range and is
strategically located so that stray light (70) from
the grating (44) contacting the reflective surface is
reflected to the sensor (47).

The optical spectrometer (34) of Claim 1, wherein the
electromagnetic energy is reflected from a sample
and wherein a bandwidth of the electromagnetic
energy is representative of a chemical composition
of the sample.

The optical spectrometer (34) of Claim 1, wherein the
electromagnetic energy comprises light having a
discrete bandwidth.

The optical spectrometer (34) of Claim 1, wherein the
grating (44) is a first grating, and wherein the elec-
tromagnetic energy is reflected from a second grat-
ing that is disposed within a space such that a
bandwidth of the electromagnetic energy is repre-
sentative of a temperature within the space.

A method of spectroscopy comprising:

directing electromagnetic energy, which is
transmitted through a transmission medium
(36), at angles away from a grating (44) formed
in the transmission medium (36) to form stray
light (70); and

deforming the grating (44) to align the stray light
(70) from the grating (44) with an optical sensor
(47), so that an output of the optical sensor (47)
represents spectral information about the elec-
tromagnetic energy, wherein deforming the grat-
ing (44) comprises applying an axial force to the
grating (44) by energizing an electrically respon-
sive member with an amount of electricity so that
the stray light (70) is directed to the optical
sensor (47).

9. The method of Claim 8, wherein a spectrum of the

electromagnetic energy comprises compositional
information about a sample.
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The method of Claim 8, wherein a spectrum of the
electromagnetic energy comprises information
about a temperature of a space.

The method of Claim 8, wherein the electrically
responsive member is a piezoelectric member.

The method of Claim 8, wherein a voltage of the
electricity correlates to a temperature of a space
sensed with the electromagnetic energy.

The method of Claim 8, wherein the step of aligning
comprises reciprocating the optical sensor (47)
along a path that is oblique with a transmission
medium (36) that carries the electromagnetic en-
ergy, and substantially orthogonal with a path of
the stray light (70).

The method of Claim 9, wherein the step of aligning
comprises tilting a reflective surface in a path of the
stray light (70) so that the stray light (70) is scanned
across the optical sensor (47).

Patentanspriiche

1.

Optisches Spektrometer (34), umfassend:

ein Ubertragungsmedium (36), das ein Ende in
Kommunikation mit einer Quelle (38) von elekt-
romagnetischer Energie aufweist;

ein Gitter (44), das indem Ubertragungsmedium
(36) ausgebildet ist und strategisch ausgebildet
ist, sodass elektromagnetische Energie von der
Quelle (38), die durch das Ubertragungsme-
dium (36) ubertragen wird, in Winkeln von
dem Ubertragungsmedium (36) weg entlang
des Gitters (44) gelenkt wird, um Streulicht
(70) zu definieren:

einen optischen Empfanger (46), der aufweist:

einen Sensor (47), der darauf reagiert,
durch das Streulicht (70) von dem Gitter
(44) berthrt zu werden, und

einen Ausgang (49) in Kommunikation mit
einem Analysator (50) und von dem ein
elektrisches Signal Ubertragen wird, das
durch das Streulicht (70) von dem Gitter
(44) erzeugt wird, das den Sensor (47) be-
rihrt; und

eine Scananordnung (71), die eines von
einem Pfad des Streulichts (70) von dem
Gitter (44) oder einer Position des optischen
Empfangers (46) wahlweise andert, so-
dass, wenn das Streulicht (70) von dem
Ubertragungsmedium (36) gelenkt wird,
der Sensor (47) in einem Pfad des Streu-
lichts (70) positioniert ist und mindestens
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einem Teil des Streulichts (70) ausgesetzt
ist;

wobei die Scananordnung (71) ein elekt-
risch reagierendes Element umfasst, das
bei Aktivierung eine GréRenanderung er-
fahrt, wobei das elektrisch reagierende Ele-
ment mit dem Ubertragungsmedium (36)
gekoppelt ist, sodass bei Aktivierung des
elektrisch reagierenden Elements das
Ubertragungsmedium (36) und das Gitter
(44) einer Langenanderung unterzogen
werden, die eine Richtung eines Pfads
des Streulichts (70) andert, das von dem
Ubertragungsmedium (36) gelenkt wird.

Optisches Spektrometer (34) nach Anspruch 1, wo-
bei das elektrisch reagierende Element eine Menge
von piezoelektrischem Material umfasst.

Optisches Spektrometer (34) nach Anspruch 1, wo-
bei die Scananordnung (71) ein Translationssystem
umfasst, das den Sensor (47) seitlich entlang eines
Pfades hin- und herbewegt, der durch das Streulicht
(70) gekreuzt wird.

Optisches Spektrometer (34) nach Anspruch 1, wo-
bei die Scananordnung (71) eine reflektierende
Oberflache umfasst, die sich tber einen Bereich
hin- und herbewegend neigt und strategisch ange-
ordnetist, sodass Streulicht (70) von dem Gitter (44),
das die reflektierende Oberflache berihrt, zu dem
Sensor (47) reflektiert wird.

Optisches Spektrometer (34) nach Anspruch 1, wo-
bei die elektromagnetische Energie von einer Probe
reflektiert wird und wobei eine Bandbreite der elekt-
romagnetischen Energie reprasentativ fir eine che-
mische Zusammensetzung der Probe ist.

Optisches Spektrometer (34) nach Anspruch 1, wo-
bei die elektromagnetische Energie Licht umfasst,
das eine diskrete Bandbreite aufweist.

Optisches Spektrometer (34) nach Anspruch 1, wo-
bei das Gitter (44) ein erstes Gitter ist und wobei die
elektromagnetische Energie von einem zweiten Git-
ter reflektiert wird, das innerhalb eines Raums derart
angeordnet ist, dass eine Bandbreite der elektro-
magnetischen Energie fur eine Temperatur inner-
halb des Raums reprasentativ ist.

Verfahren fir eine Spektroskopie, umfassend:

Lenken von elektromagnetischer Energie, die durch
ein Ubertragungsmedium (36) {ibertragen wird, in
Winkeln weg von einem Gitter (44), das in dem
Ubertragungsmedium (36) ausgebildet ist, um
Streulicht (70) auszubilden; und Verformen des Git-
ters (44), um das Streulicht (70) von dem Gitter (44)
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mit einem optischen Sensor (47) auszurichten, so-
dass eine Ausgabe des optischen Sensors (47)
spektrale Informationen Uber die elektromagneti-
sche Energie reprasentiert, wobei das Verformen
des Gitters (44) ein Ausiben einer axialen Kraft
auf das Gitter (44) durch das Aktivieren eines elekt-
risch reagierenden Elements mit einer Menge von
Elektrizitat umfasst, sodass das Streulicht (70) zu
dem optischen Sensor (47) gelenkt wird.

Verfahren nach Anspruch 8, wobei ein Spektrum der
elektromagnetischen Energie Zusammensetzungs-
informationen Uber eine Probe umfasst.

Verfahren nach Anspruch 8, wobei ein Spektrum der
elektromagnetischen Energie Informationen Uber
eine Temperatur eines Raums umfasst.

Verfahren nach Anspruch 8, wobei das elektrisch
reagierende Element ein piezoelektrisches Element
ist.

Verfahren nach Anspruch 8, wobei eine Spannung
der Elektrizitat mit einer Temperatur eines Raums
korreliert, die mit der elektromagnetischen Energie
erfasst wird.

Verfahren nach Anspruch 8, wobei der Schritt des
Ausrichtens das Hin- und Herbewegen des opti-
schen Sensors (47) entlang eines Pfads umfasst,
der schrag zu einem Ubertragungsmedium (36) ist,
das die elektromagnetische Energie transportiert,
und im Wesentlichen rechtwinklig zu einem Pfad
des Streulichts (70) ist.

Verfahren nach Anspruch 9, wobei der Schritt des
Ausrichtens das Neigen einer reflektierenden Ober-
flache in einem Pfad des Streulichts (70) umfasst,
sodass das Streulicht (70) Gber den optischen Sen-
sor (47) gescannt wird.

Revendications

1.

Spectromeétre optique (34) comprenant :

un support de transmission (36) ayant une ex-
trémité en communication avec une source (38)
d’énergie électromagnétique ;

un réseau (44) formé dans le support de trans-
mission (36) stratégiquement formé de sorte
qu’une énergie électromagnétique de la source
(38) transmise par le biais du support de trans-
mission (36) est dirigée selon des angles a
I'opposé du support de transmission (36) le long
du réseau (44) afin de définir une lumiére para-
site (70) :

un récepteur optique (46) ayant :
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un capteur (47) qui réagit au contactavec la
lumiére parasite (70) du réseau (44), et
une sortie (49) en communication avec un
analyseur (50) et a partir de laquelle est
transmis un signal électrique généré par
la lumiere parasite (70) du réseau (44) en-
trant en contact avec le capteur (47) ; et
un ensemble de balayage (71) qui modifie
sélectivement I'un d’un trajet de la lumiére
parasite (70) du réseau (44), ou d’une posi-
tion du récepteur optique (46), de sorte que,
lorsque lalumiere parasite (70) est dirigée a
partir du support de transmission (36), le
capteur (47) est positionné dans un trajetde
la lumiére parasite (70) et exposé a au
moins une partie de la lumiére parasite
(70);

dans lequel I'ensemble de balayage (71)
comprend un élément a réponse électrique
qui, lorsqu’il est alimenté, subit un change-
ment de taille, dans lequel I'élément a ré-
ponse électrique est couplé au support de
transmission (36), de sorte que, lorsque
I’élément a réponse électrique est alimenté,
le support de transmission (36) et le réseau
(44) subissent un changement de longueur
qui change une direction d’un trajet de la
lumiére parasite (70) qui est dirigée a partir
du support de transmission (36).

Spectromeétre optique (34) selon la revendication 1,
dans lequel [I'élément a réponse électrique
comprend une quantité de matériau piézoélectrique.

Spectromeétre optique (34) selon la revendication 1,
dans lequel 'ensemble de balayage (71) comprend
un systeme de translation qui effectue un déplace-
ment alternatif latéral du capteur (47) le long d’'un
trajet qui est coupée par la lumiére parasite (70).

Spectromeétre optique (34) selon la revendication 1,
dans lequel 'ensemble de balayage (71) comprend
une surface réfléchissante qui s’incline alternative-
ment sur une plage et est stratégiquement située de
sorte que la lumiére parasite (70) du réseau (44)
entrant en contact avec la surface réfléchissante est
réfléchie vers le capteur (47).

Spectromeétre optique (34) selon la revendication 1,
dans lequel I'énergie électromagnétique est réflé-
chie a partir d’'un échantillon et dans lequel une
largeur de bande de I'énergie électromagnétique
est représentative d’'une composition chimique de
I'échantillon.

Spectromeétre optique (34) selon la revendication 1,
dans lequel I'énergie électromagnétique comprend
une lumiére ayant une largeur de bande discréte.
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Spectromeétre optique (34) selon la revendication 1,
dans lequel le réseau (44) est un premier réseau, et
dans lequel I'énergie électromagnétique est réflé-
chie a partir d’'un second réseau qui est disposé a
l'intérieur d’'un espace de telle sorte qu’une largeur
de bande de I'énergie électromagnétique est repré-
sentative d’une température al'intérieur de I'espace.

Procédé de spectroscopie comprenant :

le fait de diriger une énergie électromagnétique, qui
est transmise par le biais d’'un support de transmis-
sion (36), selon des angles a I'opposé d’un réseau
(44) formé dans le support de transmission (36) afin
former une lumiére parasite (70) ; et la déformation
du réseau (44) afin d’aligner la lumiére parasite (70)
du réseau (44) sur un capteur (47) optique, de sorte
qu’une sortie du capteur (47) optique représente des
informations spectrales sur I'énergie électromagné-
tique, dans lequel la déformation du réseau (44)
comprend I'application d’'une force axiale au réseau
(44) en alimentant un élément a réponse électrique
avec une quantité d’électricité de sorte que la lu-
miére parasite (70) est dirigée vers le capteur (47)
optique.

Procédé selon la revendication 8, dans lequel un
spectre de I'énergie électromagnétique comprend
des informations de composition sur un échantillon.

Procédé selon la revendication 8, dans lequel un
spectre de I'énergie électromagnétique comprend
des informations sur une température d’un espace.

Procédé selon la revendication 8, dans lequel I'élé-
ment a réponse électrique est un élément piézoélec-
trique.

Procédé selon la revendication 8, dans lequel une
tension de I'électricité est en corrélation avec une
température d’'un espace détecté par I'énergie élec-
tromagnétique.

Procédé selon larevendication 8, dans lequel I'étape
d’alignement comprend le déplacement alternatif du
capteur (47) optique le long d’un trajet qui est oblique
par rapport a un support de transmission (36) qui
transporte I'énergie électromagnétique, et sensible-
ment orthogonal par rapport a un trajet de la lumiére
parasite (70).

Procédé selon larevendication 9, dans lequel I'étape
d’alignement comprend l'inclinaison d’une surface
réfléchissante dans un trajet de la lumiére parasite
(70) de sorte que la lumiére parasite (70) est balayée
par le capteur (47) optique.
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